Objective: To critically appraise the quality of sub-Saharan African cancer registration systems that submitted data to GLOBOCAN 2008 with respect to population coverage using publicly available information and to show the use of GLOBOCAN statistics in determining global health priorities. Design: Sources of cancer registration data for twenty-six sub-Saharan African cancer registries were identified from GLOBOCAN 2008 factsheets. Additional information was extracted from International Agency for Research on Cancer publications. A literature search was conducted to identify studies that reported additional information on data collection methods and provided 27 studies. The websites of the 10 largest funders of development assistance for health were searched for GLOBOCAN citations. Setting and participants: Twenty-six sub-Saharan African cancer registration systems submitting data to GLOBOCAN 2008 in relation to 21 countries. Main outcome measures: Information on 15 quality variables were extracted and compared with the international gold standard for cancer registration systems. Results: Population coverage of the cancer registries ranged from from 2.3% of the population in Kenya to 100% in The Gambia, with a heavy urban bias in all countries. However, 20 countries (300 million people) had no cancer registration systems. Nineteen of the 26 registries failed to meet more than five of the 15 quality criteria and only one country met more than 10. Seven of the 10 largest funders of development assistance for health cite GLOBOCAN statistics in support of policy priorities. Conclusions: GLOBOCAN 2008 estimates are based on data drawn from poor quality cancer registration systems, with limited or no population registry coverage. It is essential the GLOBOCAN 2012 estimates should provide information on the quality of the data collection and explain the limitations of the estimates. Development organisations and the World Health Organization need to take a more cautious approach when using these data to determine priorities and allocating resources.
Background GLOBOCAN statistics are widely cited and used by national governments and international nongovernmental organisations to set global health priorities. GLOBOCAN is a project of the International Agency for Research on Cancer (IARC), the World Health Organization (WHO) body that undertakes research on carcinogens and cancer epidemiology. It uses data reported from local, regional and national cancer registries around the world to estimate incidence, prevalence, mortality and disability adjusted life years lost to cancer. GLOBOCAN published national estimates of cancer epidemiology in 184 countries for 2002 and 2008 1 and has recently released estimates for 2012. 2 In 2008, GLOBOCAN estimated that of the 36 million worldwide deaths due to non-communicable diseases (NCDs), 7.6 million were from cancer, of which 63% occur in less developed regions; and that around half of the 12.7 million annual incident cancer cases occur in the developing world. 1 Of these, there were 715,000 incident cancer cases and 542,000 deaths in Africa, with increasing incidence of breast and prostate cancer. 3 The accuracy and veracity of GLOBOCAN data in sub-Saharan Africa are of increasing importance as cancer is being promoted as a priority for development funding for health, particularly through the use of human papillomavirus (HPV) vaccination for the prevention of cervical cancer. 4 Although academics and researchers have cited the GLOBOCAN 2002 estimates more than 14,500 times 5 and GLOBOCAN 2008 estimates almost 6,000 times, 1 no external appraisal has been undertaken of the quality of the data collection methods used by sub-Saharan African registries. Our aim is to describe and critically appraise the publicly available information on population coverage and quality of the cancer registration systems of sub-Saharan African cancer registries that submitted data to GLOBOCAN 2008 against standards recommended for cancer registration systems and to show how GLOBOCAN statistics were used when determining global health priorities between 2010 and 2013.
Methods and analysis
Cancer registries and population coverage GLOBOCAN 2008 Cancer Factsheets for 41 mainland sub-Saharan African countries (Appendix 3 in the online Supplementary file) were used to identify the 26 contributing registries; registry coverage was compared with country data from the UN World Population 2009 Country Estimates. 6 
Cancer registry methodology
We looked for all publicly available information relating to methods of data collection for each of the 26 registries. The primary source of cancer registration information was IARC publication Cancer in Africa, 7 which provided information on data collection methods and cancer epidemiology statistics for all 26 cancer registries and was the only information source for 10 registries. More detailed information for four registries (Bamako, Mali; The Gambia; Kyadondo, Uganda; and Harare, Zimbabwe) was extracted from Cancer in Five Continents VIII 8 and IX. 9 GLOBOCAN Data Sources and Methods factsheets contained 22 citations of which only two papers relating to two registries could be sourced in the literature. We were unable to access seven papers relating to six registries and 13 citations related to unpublished material. Although the focus of this study is on the publicly available information, we requested from the IARC the unpublished papers that it had cited, but received no response.
In addition, we undertook a literature search of PubMed and Medline using the terms (cancer AND register OR registry OR registration AND [relevant country]) to identify all studies that reported data collection methods or quality from any of the cancer registries published before April 2013. Of the 27 papers identified through the literature review, 23 studies related to 11 individual registries and four papers covered the sub-Saharan African region. Appendix 2 lists each cancer registry with its respective included papers.
We used the framework previously applied to the cancer registries in Norway 10 and The Gambia 11 adapted from the criteria published by Parkin and Bray of the Descriptive Epidemiology Unit at the IARC. 12, 13 Using the UK National Cancer Registry (UKNCR) as a country benchmark, we looked at four domains of registration quality: (I) Comparability: a measure of how well data classification and coding conforms to international guidelines and best practice. (II) Validity: whether the reported cases of cancer are accurately recorded in the registry. (III) Timeliness: relating to both time from diagnosis to registration and from registration to reporting information publicly. (IV) Completeness: defined as the extent to which the total numbers of cancers are registered on a database. Childhood cancer rates are used as an indicator to assess registry completeness. Deviation from an expected range suggests incomplete registration of childhood cancer and can be used to infer risk of incompleteness generally. The expected values of incidence rates per 100,000 for the upper and lower deciles of childhood cancer by age group were extracted from Cancer in 5 Continents VIII and compared to the childhood cancer rates from Cancer in Africa (2003) and UK data from 2009. 14 
Use of GLOBOCAN data in priority setting
The top ten largest global funders of development assistance for health were identified from the Institute of Health Metrics and Evaluation report 'Financing Global Health'. 15 Their websites were then searched using the terms 'GLOBOCAN', 'IARC' and 'cancer' to identify if GLOBOCAN statistics were used and to look at how GLOBOCAN statistics from sub-Saharan Africa were cited.
Limitations
The IARC has access to additional information that is not available in the public domain and therefore is better placed to evaluate cancer registry quality. However, it has not published any analysis of the collection methodology used by registries that contributed to GLOBOCAN 2008. No new information had been published by the IARC on cancer registry quality since Cancer in 5 Continents IX in 2007. This study therefore provides a record of the information available in the public domain for use by funders when using GLOBOCAN statistics to determine priorities.
Results

Cancer registries and population coverage
In the 41 mainland countries in sub-Saharan Africa (Appendix 3 in the online Supplementary file), 26 registries reported data on a total of 21 countries to GLOBOCAN 2008 (Appendix 1 in the online Supplementary file). Of these, 20 registries are population based: four have national coverage (Botswana, The Gambia, Namibia and Swaziland); 16 cover a region, district or city. Five are pathology based and one registry collects data from a single hospital. Registry coverage ranges from approximately 2.3% of the population in Kenya to 37.3% and 100% in Congo and The Gambia, respectively, with a bias towards urban areas and very limited rural coverage. By comparison, the UKNCR provides complete coverage of the UK population through a network of 11 regional registries. For the 20 countries with no cancer registration system, GLOBOCAN used an average of neighbouring countries.
Cancer registration methodology
Number of registries meeting recommended registration criteria ( Table 1) . Of the 26 registries, 19 met less than five of the 15 criteria and only The Gambia met more than 10. A full table reporting the results for each cancer registry of the four domains and 15 variables is presented in Appendix 1 in the online Supplementary file.
Number of registries meetings the criteria for each of the 15 variables within the four domains. Table 2 displays the number and proportion of the 26 sub-Saharan African cancer registries that meet each of the four domains and 15 variables of cancer registration methodological standards as adapted from Parkin and Bray (2009) with the UKNCR comparator.
(I) Comparability
Of the 26 registries, 16 provided no data on coding. For the 10 registries reporting ICD code, five used ICD-O3, three used ICD-10 and two used both. The UKNCR uses the Po/99/03 Definition of Diagnosis Date. 40 The Gambian Cancer Registry uses the IARC Guidelines on Cancer Registration, 41 but this information is not available for any other registries.
None of the registries have published information on how they determine date when registering an incident cancer in a registry and only three on rules for coding multiple primaries to ensure consistency in registration practices.
No information was available on incidental diagnoses (the proportion of cancers that are detected in asymptomatic people) as few sub-Saharan African countries have comprehensive population screening programmes. For example, Zimbabwe has a national screening programme for breast and cervical cancer;
however, there is no information available on the proportion of registrations that result from screening. Screening contributes some cancer diagnoses to the Kampala registry in Uganda. However, it is not a national programme and is only available for patients who pay privately.
(II) Validity
Although 81% of the registries published the proportion of cancers in each registry that have been verified through histological examination by a pathologist, exfoliative cytology or peripheral blood examination (morphological verification rate, MV%), these rates were highly variable (Appendix 1 in the online Supplementary file). In population-based registries, MV% ranged from 15% for male patients in The Gambia National Registry to 96% in female patients in the Namibian Cancer Registry. This reflects the resources available in countries to perform histological diagnostics and also the methods by which cancers are registered.
Information on the proportion of cancers that are registered only from information on a death certificate (death certification only rate, DCO%) was only available for The Gambian National Cancer Registry and the Harare Cancer Registry. No information on death certification is available for 15 registries. Of the nine others, 4 do not routinely certify death; Nigeria only has limited death certification; the Abidjan registry was unable to access death certificates from local authorities; autopsies are not performed in Guinea unless someone dies in hospital and so there are a limited source of registrations; Mali has mandatory death certification, but no DCO% is published; and death certificates in Niger do not state cause of death.
Information on reabstracting/recoding audits is only available for the Gambian National Cancer Registry, where the registrar undertakes audits every quarter. These audits are undertaken to evaluate registry agreement with source documentation and agreement among data collectors and have shown 94% agreement between the audit result and the original cancer registrations. Six other registries report using 'validity checks' but no further information is available on the results. The UKNCR has also not published information on the use or results of reabstracting/recoding audits.
Seven registries report information on demographic completeness and below is a list of registries that have reported incompleteness (<80%) in certain areas:
. UKNCR -ethnicity of patients . Kampala -date of birth, patient ID, cancer stage and treatment . Zambia -described as very incomplete . Abidjan -reported age unreliable for many older people . GNCR -18.6% patients have age missing . Namibia -residency information . South Africa -ethnicity of patients (since 1993) . Swaziland -geographic information To maintain electronic database consistency 12 registries report using CanReg 4 system, which is a software program produced by the IARC specifically for cancer registration (http://www.iacr.com.fr/ canreg4.htm). Rwanda's Butare Registry used the online EGRET system, a much older software program, but has not reported since 1993. This information is not available for any of the other registries.
(III) Timeliness
No internationally agreed standard for timeliness exists. Fourteen of the registries submitted data which had been collected more than five years previously while four registries submitted data that were more than 10 years old, for example the Rwanda data originated in 1991.
Registries should also look at the time taken between a cancer being diagnosed and its entry on a register. The UKNCR has a target that 'all cases diagnosed in a given calendar year should have been completed, entered onto the registry computer system and sent to ONS within 18 months of the end of the calendar year.' 42 For 2009, this was achieved for 101.7% of expected cases on average compared to the 2005-2007 datasets. The Kampala registry in Uganda uses a similar standard and achieved a 90% expected rate from 1994 to 1996. This information was not available for any other registries.
(IV) Completeness
Mortality:incidence ratios are not available for any of the registries due to lack of data. M:I ratios compare the number of cancer deaths recorded by a mechanism external to the registry (e.g. vital statistics registration) compared to the number of incident cancer diagnoses recorded and rely on the comparison of cancer registry data with a parallel death registration system. Greater M:I ratio suggests registry incompleteness. The M:I ratio for the UKNCR is 0.51 for male cases (compared to 0.54 expected) and 0.48 for female cases (compared to 0.50 expected).
No cancer registries publish the number of notifications received for each case registered.
The incidence estimates of childhood cancer are below expected limits (Table 3) , suggesting underregistration, with the exception of cancers in white South African children aged 0-4 years and children aged 5-9 years registered in Kampala. The numbers of cases from which estimates are calculated are small, ranging from 93 to 2295 registered over a period of 2 to 10 years. The timeliness of the data is also poorer than is the case with adults. More recent information is available from The Gambian National Cancer Registry, where incidence rates in children between 1990 to 1994 range from 1.9/100,000 in girls aged 0-4 years and 5.8/100,000 in boys aged 10-14 years. These are lower than the estimates from Cancer in Africa (2003) and far below the expected reference range. The authors also note that rates were two to threefold higher in urban compared to rural children.
Use of GLOBOCAN data in priority setting
The top 10 funders of development assistance for health are listed in Table 4 alongside examples of how GLOBOCAN estimates are used in priority setting. The only U.S. Agency for International Development and the Global Fund do not fund cancer projects. 43, 44 Although the UK Department for International Development lists NCDs as part of its policy priorities but provides no data to support the priorities, and no NCD or cancer projects were listed in the 2011-2012 annual report. 45 The remaining seven cite GLOBOCAN 2008 statistics in support of tackling NCDs and cervical cancer with HPV vaccine as a priority area.
Discussion
GLOBOCAN 2008 estimates of cancer prevalence, incidence and mortality for sub-Saharan African countries were based on incomplete population and country coverage. Most countries have weak cancer registration systems, with the notable exception of the Gambian National Cancer Registry. 11 Twenty sub-Saharan African countries covering a population of almost 300 million people had no cancer registration systems. In countries with registries cases are predominantly derived from large hospitals in urban centres. This may result in disproportionate registration of cancers of those able or willing to seek medical attention or may be distorted by other health seeking behavior by rural populations. 60 In most cases, the weaknesses in the data collection mean that the epidemiological statistics estimated are not generaliseable to national populations or to other sub-Saharan African countries. GLOBOCAN publishes cancer epidemiology estimates for 184 countries; however, estimates for countries with universal cancer registration coverage and high quality data collection systems are given equal weight to those countries with poor quality data and limited coverage. This has led to GLOBOCAN statistics being widely cited without qualification of their reliability and used to determine funding priorities from a wide range of international global health funding organisations.
One notable example of this is cervical cancer, where GLOBOCAN statistics have been used to support rollout of HPV vaccine 4, 55 and are often the only epidemiological data cited. The absence of strong surveillance systems for monitoring incidence and changes in mortality cast serious doubt on the ability of the international community to evaluate the effectiveness and safety of the programme.
This study demonstrates the information that was available in the public domain for analysis by individuals and organisations when using the GLOBOCAN 2008 estimates. It also demonstrates the influence these estimates have had on a wide range of international funders. However, this study is necessarily limited to the information in the public domain and is therefore not a complete analysis of all the information relating to cancer registry data quality, which is held by the IARC. Aside from the information described in this study, any additional data are held by the IARC and not available for public scrutiny.
Since the publication of the 2008 GLOBOCAN estimates in 2010, the African Cancer Registry Network (http://afcrn.org/) has been founded in order to improve data quality and population coverage. This paper provides an important baseline against which to judge GLOBOCAN estimates for 2012, which have recently been published.
In the new 2012 factsheets, the IARC has now included an 'indice of quality' under the 'data, sources and methods' sections, consisting of an alphabetic ranking for the availability of incidence data (A to G) and numeric ranking for the availability of mortality data (1 to 6). 61 For example, Rwanda is ranked F6 meaning frequency data are used for incidence estimates and no mortality data are available. 62 This is a welcome improvement; however, it is not prominently displayed and may lead to further use of GLOBOCAN estimates without consideration of their quality. The IARC have since removed the GLOBOCAN 2008 factsheets from their website and declined to provide us with copies for reference when requested by email. This paper therefore provides an important record of their contents, particularly as these estimates had a substantial influence on funding priorities between 2010 and 2014. This paper will enable a comparison of the GLOBOCAN between the 2008 and 2012 estimates for sub-Saharan Africa.
The WHO has a key role in setting priorities for improving global health, as do the major development funders. Using GLOBOCAN estimates without proper consideration of their quality will result in misallocation of resources. The true incidence and prevalence of cancer in sub-Saharan Africa remains largely unknown. Much greater emphasis needs to be placed on improving the quality of data collected by these registries, especially where funders use them in support of major global health interventions.
Conclusions
This study presents the first critical appraisal of the publicly available information on the quality of cancer registration methodology in sub-Saharan African cancer registries used by GLOBOCAN 2008 to estimate cancer epidemiology. GLOBOCAN 2008 estimates were based on data from weak cancer registration systems and very limited population coverage. GLOBOCAN 2008 estimates on cancer incidence and mortality have been used to justify significant policy and funding decisions without sufficient scrutiny. GLOBOCAN has begin to publish more information on the quality of the registries from which their statistics are estimated; however, this should be displayed more prominently with further information provided on the caveats and limitations in their application. Development organisations and the WHO need to take a more cautious approach when using these estimates to determine priorities and when allocating resources.
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